Introduction. Endometritis and endometrosis have been and still are the major reasons for infertility in mares. The diagnosis of endometritis can be based on cytology and microbiology, but endometrial biopsy is still the only way to diagnose endometrosis in the mare. Our study attempted to determine if a single biopsy using histopathology and immunohistochemistry is sufficient to ascertain reasons for infertility in Icelandic mares. The objectives of this study were to examine the relationship between deviations in endometrial biopsies in terms of prostaglandin-endoperoxide synthase-2 (PTGS-2) and fibronectin expression and polymorphonuclear cells (PMNs) infiltration, as well as scoring degeneration in two endometrial biopsies. Material and methods. Materials were collected from 53 Icelandic breed mares, from whom two endometrial biopsies were collected and they were used for histopathology and for immunohistochemistry for PTGS-2 and fibronectin. Results. In our study, twenty-six of 53 mares (49%) showed differences in the biopsy score between the left and the right uterine horns (p = 0.002). There were statistically significant differences in fibronectin expression (p = 0.001), as well as in PTGS-2 expression in the superficial epithelium (p = 0.017). Conclusions. Significant differences in the biopsy score, and fibronectin and PTGS-2 expression, between two endometrial biopsies obtained from individual mares demonstrated that a single biopsy could be insufficient for diagnosing uterine health status in
Introduction
Endometritis and endometrosis have been and still are the major reasons for infertility in mares [1, 2] . Traub-Dargatz et al. [3] stated that endometritis is the third most significant clinical problem in horses after colic and respiratory diseases. The diagnosis of infertility can be based on several approaches, such as history, clinical findings and transrectal and ultrasono-graphic evaluation of the genital tract, and additional assessments. While the diagnosis of endometritis can be based on cytology and microbiology, endometrosis can only be diagnosed by evaluation of endometrial biopsies (EB) [1] . Histopathological examination of EB has been and continues to be internationally recognized as the best tool for diagnosing infertility and for prognostic evaluation of endometrial pathologies [4] . It has been described as a reliable, meaningful and risk-free method for diagnosing endometritis and as a valuable tool for determining treatment success [5, 6] . However, the long waiting time needed for histopathological results makes it impossible to apply treatment immediately after sampling [7] [8] [9] .
Alternatively, a small portion of endometrium, obtained by biopsy and smeared onto a sterile microscope glass, can be used for cytological analysis and provides rapid results. Kozdrowski et al. [10] examined the relationship between polymorphonuclear cells (PMNs) infiltration in the endometrial luminal epithelium and stratum compactum and the presence of PMNs in cytological specimens made using EB and cytobrush (CB). They observed that relationship was always higher in samples obtained by EB than those obtained by CB. While cytology obtained from EB provides quick results, the detection of PMNs in histopathological examination is considered as 'the best standard' for diagnosis of endometritis [11] . Furthermore, classification of degenerative changes of the endometrium into the appropriate grading score according to Kenney and Doig [12] allows estimation of the prognosis for fertility of mares. Endometrosis in horses is described as a multifactorial, progressive process involving formation of fibrotic and dilated glands or glandular nests, and atrophy or hypertrophy of the epithelium, associated with periglandular and/ /or stromal fibrosis [1, [13] [14] [15] . It has been reported that the affected glands differentiate irregularly during the estrous cycle [5] .
Fibronectin, an extracellular matrix (ECM) protein, is responsible for stromal cell adhesion to the interstitial matrix [16] . The ECM is a dynamic, elastic and multicomponent structure that fills the spaces between cells, provides a storage site for growth factors and cytokines [16] . The endometrial ECM and the basement membrane play important roles in embryo implantation, trophoblast cell invasion of the decidualized endometrium and the maintenance of gestation [17] . In cows ECM undergoes cyclic remodeling [18, 19] . Walter et al. [1] hypothesized that similar processes occur in the equine endometrium. In the same study it was reported that fibronectin was presented in highly fibrotic regions of the equine endometrium [1] .
In the endometrium of mares, the synthesis of prostaglandin is preceded by modulation of prostaglandin-endoperoxide synthase-2 (PTGS-2) expression [20] . PTGS-2 is a 72 kDa protein that is responsible for the biosynthesis of prostaglandins under acute inflammatory conditions [21] . Boerboom et al. reported that PTGS-2 and prostaglandin-F (PGF) synthase are co-localized in epithelial cells of the endometrium, and near to luteolysis there is a positive correlation between the release of PGF 2a and the expression of endometrial PTGS-2 [20] .
Generally, in practice only a single uterine biopsy is collected; however, several authors reported that the diagnosis based on the one sample could be misleading and incomplete [22] [23] [24] . Fiala et al. [22] in their study performed after slaughter showed that a single biopsy is not sufficiently accurate to determine the type and severity of inflammation in mares' endometrium. Another post-mortem study revealed that evaluation of inflammation using the presence of PMNs in cytology and histology specimens does not give the same results in different sampling sites [23] .
Although the histopathological examination of EB is recognized as 'the gold standard' for diagnosing endometritis, in searching for new approaches, in the present study the expression of PTGS-2 and fibronectin in endometrial biopsies was determined using immunohistochemistry (IHC). The aim of this study was to examine the relationship between deviations in endometrial biopsies in terms of PTGS-2 and fibronectin expression and PMNs infiltration, as well as reproductive status (maiden mare/multiparous mare), age of mares (more than 10 y/less than 10 y), and scoring of endometrial degeneration according to the Kenney and Doig [12] grading system in two biopsies from each mare. Our study attempted to determine if a single biopsy is sufficient or not to diagnose causes of infertility using histopathology and IHC.
Material and methods

Animals.
The study was conducted on 53 Icelandic Horse mares, aged from 3 to 25 years (12.34 ± 5.72 years, mean ± SD), which were classified for the study as described by Sikora et al. [24] . This study was approved by Icelandic Food and Veterinary Authority with a reference number of approval 2014-01-04. The animals were handled according to good ethical standards.
Briefly, all samples were collected from mares with a history of infertility during one breeding season from May to August 2014 in Iceland. They were qualified for the study based on the following criteria: they had been bred three or more times unsuccessfully in the same breeding season, or had a history of a minimum of one year's reproductive www.fhc.viamedica.pl failure. All of the mares were examined while restrained in stocks. The sample collections were performed after a complete reproductive assessment of the horses, including evaluation of the external genitalia and manual transrectal palpation, as well as ultrasonographic examinations (GE Logiq Book XP, Fairfield, NY, USA) of the reproductive tract to determine cycle stage and to exclude presence of intrauterine fluid. In the ultrasound examination of the reproductive tract, all the mares were in estrus and they showed no intrauterine fluid. Moreover, no discharge from the vagina was apparent and none of the mares was previously treated for endometritis. During examination of the external genitalia, in all mares 80% of the labial lengths were below the pelvic brim. Afterwards, the tail was bandaged, the vulva and the perineum were cleaned with povidone-iodine (Betadine ® -Polyvidonum iodinatum, MEDA Pharma S.p.A., Milan, Italy) and dried with a paper towel. First, an endometrial swab was obtained, then a uterine lavage was performed, and finally two endometrial biopsies from left and right uterine horns were obtained. All the samples were obtained during at the same sampling procedures and that lasted less than 15 min. The endometrial swab (ES) and uterine lavage (UL) were collected for another part of the study, published by Sikora et al. [24] . In this paper the main subject of study is histopathological examination of endometrial biopsies, collected from mares, as well as the assessment of immunohistochemical reactivity of the stroma to antibody against fibronectin and reactivity of the surface and glandular epithelia to antibody against PTGS-2 in the same endometrial biopsies.
Examination of endometrial biopsies. EBs were obtained from the dorsal wall of the base of each uterine horn and fixed in 10% formalin for histopathological examination. The biopsies were collected using a sterilized biopsy punch (Equi-Vet, Kruuse, Denmark) that was manually passed through the cervix and then directed into the left and right uterine horns with a finger and through rectal manipulation with the other hand. The EB were always collected in the same order: first from the left and then from the right horn.
Endometrial biopsies were fixed in 10% formalin. After fixation, biopsy samples were embedded in paraffin blocks, cut into 4 µm-thick sections and stained with hematoxylin-eosin (HE). Evaluation was performed under light microscopy for infiltration by PMN of the endometrial luminal epithelium and the endometrial stratum compactum. Samples were considered positive for acute endometritis if three or more PMN per five view-fields at the total magnification 400× of Olympus BX53 optical microscope (Olympus, Tokyo, Japan) were found in at least one of the biopsies [25] [26] [27] . The counting procedures were performed according to Meuten et al. [28] and the high-power fields used for evaluation were randomly selected.
Next, the same biopsies were also used to evaluate the intensity of PTGS-2 and fibronectin immunohistochemical staining by the streptavidin-biotin-peroxidase method. Formalin-fixed, paraffin-embedded tissues were cut into 4 µm-thick sections and mounted on Superfrost Plus slides (Menzel Gläser, Braunschweig, Germany). The sections were then dewaxed with xylene and gradually hydrated in an alcohol series. The activity of endogenous peroxidase was blocked by a 5 min exposure to 3% H 2 O 2 . The sections were then heated in a microwave oven for 15 min in an Antigen Retrieval Solution (DakoCytomation, Glostrup, Denmark). In order to measure levels of the antigens studied, the following antibodies were applied, each diluted at 1:100 in phosphate-buffered saline (PBS): Prostaglandin-endoperoxide synthase 2 antibody (Polyclonal Rabbit, cat. No. orb182638, Biorbyt, UK) and fibronectin antibody (Polyclonal Rabbit Antibody, catalogue No. orb221410). After incubation with the primary antibodies for 1 h at room temperature (RT), the samples were incubated (15 min, RT) with secondary biotinylated antibodies and a streptavidin-biotinylated peroxidase complex (LSAB2, HRP, DakoCytomation). The substrate for the reaction (7 min RT) was 3,3'-diaminobenzidine (DakoCytomation). All sections were counterstained with Meyer's hematoxylin. The antibodies were validated for the use in immunohistochemistry on formalin fixed tissues. In all cases, controls were included by substituting the specific antibody with the Primary Negative Control (DakoCytomation). The positive control for the PTGS-2 was horse colon and for fibronectin was horse liver.
The relative staining intensity for immunoreactive fibronectin and PTGS-2 protein expression was assessed visually in endometrial biopsies (n = 2 per animal) from each mare by two independent observers. Intensity of immunohistochemical labeling was quantified using a subjective score; i.e., (0) no staining, (1) weak staining, (2) moderate staining or (3) strong staining, and an overall score was generated by averaging the scores provided by each researcher.
Microphotographs of all the tissues studied were subjected to a computer-assisted image analysis via a computer coupled to a BX53 optical microscope (Olympus, Tokyo, Japan). The setup had the ability to both record images and analyze them digitally. The measurements were carried out using Cell A software (Olympus Soft Imaging Solution GmbH, Munster, Germany).
Statistical analysis. Statistical analyses were performed using STATISTICA (StatSoft, Krakow, Poland). A double statistical analysis was used to determine coherency levels among the histomorphological and immunohistochemical results. The correlations between two biopsies collected from the same mare were evaluated using the chi-square test (NW). It is a test of independent chi-square as a function of the highest credibility (most likelihood -ML). The Spearman test was used to evaluate the dependence between www.fhc.viamedica.pl fibronectin and PTGS-2 expression in left/right uterine horns and 1) the PMNs infiltration, 2) reproductive status (maiden mare/multiparous mare), 3) age of mares (more than 10 y/ /less than 10 y), and 4) biopsy classification according to the Kenney and Doig [12] grading system. The Spearman rank correlation coefficient was designated as follows: r > 0 positive correlation, r = 0 no correlation, r < 0 negative correlation. The positive correlation was divided into 5 categories: 0.0-0.3 -negligible correlation; 0.3-0.5 -low correlation; 0.5-0.7 -moderate correlation; 0.7-0.9 -high correlation; 0.9-1.0 -very high correlation. The significance level was set at p < 0.05.
Results
All the individual data of 53 mares under study has been presented in Supplementary Table 1 .
Histopathological assessment of endometrial biopsies
Results of PMNs infiltration were published in a previous study by Sikora et al. [24] . Briefly: PMNs infiltration of the endometrium was present in 25 of 53 mares (47.2%). Only 10 of the 25 mares with PMNs infiltration of the endometrium (40%) exhibited an increase of PMNs in both biopsies that were collected from the base of each horn. Fifteen mares (60%) had infiltration of PMNs in only one horn (12 mares -left horn, 3 mares -right horn).
The endometrial biopsies stained with HE were categorized according to the Kenney and Doig [12] grading system. The results are presented in Supplementary Table 1 . Forty-four of 53 EBs (83%) were classified as normal or having only modest alteration (grade I-I, I-IIA, IIA-IIA) and nine (17%) were classified as having endometrial degeneration (grade IIA-IIB, IIB-IIB, IIB-III, III-III). Twenty-six of 53 mares (49%) showed differences in the biopsy classification according to Kenney and Doig [12] between the left and the right uterine horns, i.e. 16 mares with PMNs infiltration in the endometrium and 10 mares without PMNs infiltration. A significant difference in the Kenney score between the left and right uterine horns was demonstrated ( Table 1) .
Immunoreactivity of fibronectin and PTGS-2 in endometrial biopsies
The reactivity of the stroma to antibody against fibronectin, as well as the reactivity of surface and glandular epithelia to antibody against PTGS-2 were classified into weak, moderate and strong staining. Figure 1 presents different staining responses of the stroma to antibody against fibronectin, while Figure 2 presents the immunohistochemical reactivity of surface and glandular epithelia to antibody against PTGS-2. We found statistically significant differences between the left and right uterine horns in fibronectin expression in the stroma (p = 0.001) (Fig. 1) as well as in PTGS-2 expression in the surface epithelium (p = 0.017) (Fig. 2) . Statistically significant correlations were found between PTGS-2 expression in the surface epithelium and fibronectin expression in the stroma and PMNs infiltration in the endometrium, as well as with the Kenney and Doig [12] grading system. In our study, principally the expression of fibronectin in the stroma of the mare's endometrium was evaluated, but as it is presented in Figure 1 the fibronectin expression was also identified in the wall of blood vessels (Fig. 1) . Positive Spearman correlations were demonstrated between PTGS-2 expression in the surface epithelium, as well as fibronectin expression in the stroma and PMNs infiltration in the endometrium and the Kenney and Doig [12] grading score. All of the correlations are presented in Table 2 .
Discussion
Generally, histopathological examination of uterine biopsies allows us to assess overall changes in the endometrial tissue, including infiltration by inflammatory cells, as well as to classify the degree of degeneration of the endometrium. Although the classification system of Kenney and Doig [12] is not perfect [30] , it is widely used to designate the grade of alterations in equine endometrosis [4, 8, 13] . With endometrosis, some histological changes are associated, such as formation of fibrotic and dilated glands or glandular nests [5] and endometrial biopsy is the only way to diagnose this [1] . The equine endometrium undergoes cyclic remodeling of the connective tissue ECM, like in other species [1] , and fibroblastic cells play an important role in pathogenesis of fibrotic processes in the endometrium [31, 32] . Krzyzanowska-Golab et al. [16] reported that the ECM undergoes www.fhc.viamedica.pl constant remodeling, mostly during repair processes. In the present study, positive Spearman correlations between fibronectin immunolabeling and PMNs infiltration, as well as with the Kenney and Doig [12] grading system were observed. Walter et al. [1] in a study carried out on healthy mares observed that fibronectin staining was weak and distributed within the uterine stroma. Hoffmann et al. [14] described that more fibronectin tended to be expressed during active destructive endometrosis than in other types www.fhc.viamedica.pl of endometrosis. Hoffmann et al. [14] concluded that this is probably due to an increased number of actively secretory myofibroblasts. In this study, weak immunoreactivity for fibronectin in the stroma was associated with scores I and IIA in the grading system of Kenney and Doig [12] . Multiparous mares older than 10 years, with endometrial biopsies having scores IIB/III in at least one biopsy sample, showed moderate to strong immunoreactivity for fibronectin in the endometrial stroma. Mansour et al. [33] in a study on healthy mares observed that fibronectin was identified in the interstitium and blood vessels of the endometrium, but they did not find differences in immunolabeling among samples obtained from different stages of the estrous cycle. In the present study the fibronectin expression was also observed in blood vessels of the endometrium. All of the mares in our study were in estrus at the time of sample collection and had the same history of infertility. To our knowledge, there are no reports about the causes of increased PTGS-2 expression in Icelandic horse mares in estrus. Endometrial cells in mares and ruminants exhibit increased PTGS-2 mRNA expression prior to luteolysis [20, [34] [35] [36] . However, in early pregnancy, PTGS-2 expression is suppressed [20, 35] . Palm et al. [29] described that in mares close to luteolysis there is a positive correlation between the release of PGF 2a and the expression of endometrial PTGS-2. In our study, we took biopsies from mares in estrus and the intensity of PTGS-2 expression was found in most cases to be low. Troedsson et al. [37] observed that enzymes and PGF 2a , released by PMNs during the process of phagocytosis contribute to increased uterine contractions 4-12 h after artificial insemination (AI) in mares. Keith et al. [36] observed that the expression of PTGS-2 mRNA decreased 3.7-fold in oxytocin-treated mares compared with control mares, and the mares treated with oxytocin had decreased endometrial PTGS-2 immunoexpression on Day 14 postovulation. They explained that the ability of oxytocin to generate prostaglandin release is further regulated by the concentration of uterine oxytocin receptors throughout the estrous cycle [36] . Madill et al. [38] reported that the immediate uterine contractions after natural mating or AI are most likely initiated by mechanical stimulation of the vagina and cervix, which mediate neurogenic oxytocin release. Boerboom et al. [20] showed that the levels of PTGS-2 were 4.5-fold higher in the surface epithelium on Day 15 in nonpregnant mares than in pregnant mares. The PTGS-2 expression in biopsies obtained from our mares was mostly weak and only in a few cases was it moderate to strong. We observed a correlation between PTGS-2 expression in the surface epithelium and PMNs infiltration in the endometrium, as well as with the Kenney and Doig [12] grading system. We found a dependence between PTGS-2 expression in the glandular epithelium and the biopsy score according to Kenney and Doig [12] . However, we did not find a relationship between the PMNs infiltration in the endometrium and PTGS-2 expression in the glandular epithelium.
Aresu et al. [15] demonstrated a relationship between animal age and the grade of endometrosis. Ricketts and Alonso [25] reported that the degree of endometrosis in mares increases with age, but there was no association with the number of foalings. We observed no significant differences between fibronectin expression in the stroma and PTGS-2 expression in the surface epithelium and (i) age of the mares and (ii) the reproductive status of the mares.
Additionally, Aresu et al. [15] pointed out that results obtained from biopsies and entire-wall samples coincide. In our study, we took two endometrial biopsies from different locations in the uterus (the base of the left and right uterine horns) and there were statistically significant differences in the Kenney and Doig [12] www.fhc.viamedica.pl grading system, fibronectin expression in stroma and PTGS-2 expression in the surface epithelium. Fiala et al. [22] in a study performed after slaughter concluded that only one biopsy is not enough to verify the quantity of degenerative changes in the endometrium. Overbeck et al. [23] , in a post mortem study using cytological brushes and endometrial biopsies, observed that the process of inflammation is not the same in different uterine locations. Moreover, results of the present study, in agreement with the literature [22, 23] , demonstrate that a single biopsy is insufficient for diagnosing endometritis.
Conclusions
This study found significant differences in results obtained from two endometrial biopsies collected from one mare between the Kenney and Doig [12] grading system, fibronectin and PTGS-2 immunoreactivity, demonstrating that taking more than one biopsy sample is necessary for better diagnosing infertility in mares. The relationship between fibronectin and PTGS-2 expression and PMNs infiltration in the endometrium, as well as an adequate biopsy score according to Kenney and Doig [12] encourages the use of immunohistochemistry as an additional diagnostic tool for endometritis and endometrosis in mares.
